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Abstract 
The article presents the results of laboratory research on the impact of polymer fibres and mineral dust on the properties of 
hardened concrete. Selected parameters such as compressive strength, flexural strength, water absorption and water capillary 
action were evaluated. The samples were cured at two temperatures: + 5 ° C and + 18 ° C. The polymer fibres added to ordinary 
concrete increased the resistance to bending and reduced water absorption and capillary action. Addition of mineral dust led to a 
general improvement of the test parameters, by sealing the cement paste. As shown in the absorption and capillary action tests, 
the gains in the mass of the samples decreased with the increasing amount of admixture in the form of mineral dust.  The 
mineral dust used for laboratory testing was a waste material derived from an aggregate quarry. The dust is used to a small 
extent mostly for primers, for example. in the construction of roads. Although treated as a waste material, it has the same 
properties as original aggregate. Non-hazardous, it still has a negative impact on the environment. The use of aggregate mineral 
dust can bring a number of advantages, including lower price of concrete mix, improved concrete parameters, waste mineral 
dust disposal solution, lower cost production of concrete mixtures, and the environmental aspect. Concretes with mineral dust 
and polymer fibres are a valuable alternative to ordinary concrete. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Mineral dust is one of fine-grained wastes generated in the production of aggregates. Management of this type 
of waste entails higher costs incurred by producers, connected with storage and environmental fees. Although the 
environmental impact of the dusts is very high, they are non-hazardous and do not undergo any physical, chemical 
or biological transformations, which makes them suitable for use as concrete admixtures. The term admixture as 
used in this paper means an additional ingredient added to the concrete mix. Currently, mineral dust being the 
waste material is not used in concrete products, especially in structural concrete [1]. Concrete with mineral dust 
presents, however, an alternative to traditional concrete [4]. Considering long tradition and experience in using 
recycled materials in concrete technologies, fine grain materials from the production of crushed aggregate may find 
their application as admixtures. Economic and environmental aspects support this option which, undoubtedly, is 
part of sustainable construction policy and reasonable natural resources management [5]. 
2. Testing programme 
The testing programme included the production of four series of concrete, each comprising 21 specimens with 
compositions as given in Table 1: 
 
Table 1. Concrete composition. 
Concrete 
ingredients 
[kg/m3] 
Ordinary 
concrete 
(SW) 
Concrete with  
10% mineral dust 
Concrete with 10% mineral 
dust and polymer fibres 
Concrete with 
polymer fibres 
cement 273.75 273.75 273.75 273.75 
water 147.5 147.5 147.5 147.5 
sand 653.75 588.37 588.37 653.75 
dolomite 4/8 715 643.5 643.5 715 
dolomite 8/16 715 643.5 643.5 715 
mineral dust ---- 178.7 178.7 ---- 
polymer fibres ---- ---- 0.8 0.8 
 
Polymer fibres for the concrete and mortars, 18 mm long, 32μm in diameter and circular in cross section were 
used as microreinforcement in the tested concrete mixes. The fibres prevent shrinkage cracking, improve 
compressive and flexural strength of concrete, increase its frost durability and resistance to corrosion. The fibres 
should be applied to the dry mass before adding mixing water and plasticizer 0.75÷0.9 kg/m3 of concrete. The 
mixture should be mixed from 1 to 6 minutes at a rate of 12 rev./min. 
 
Stachement 2750 superplasticizer was used in the tests. In addition to high plasticizing effects, it provides very 
fast early compressive strength increase even at low temperatures, and ensures low viscosity of the concrete. The 
superplasticizer used  primarily recommended at a dose in the range 0.3÷1.5 kg per 100 kg cement. It is added to 
the mixing water or, to enhance its effect, to the wet concrete mixture at the end of mixing. In this study, the 
0.8/100 kg ratio was used. 
 
Four series of concrete were prepared, each comprising 21 concrete cubes 10 cm side and beams 4x4x16 cm. 
The specimens were cured at two constant temperatures: +5 °C and +18 °C. The tests were carried out to determine 
the effect of mineral dust and polymer fibres on the change in compressive and flexural strength, absorption and 
capillary action. Following the preparation of all necessary mixture components, they were dosed in the following 
order: coarse aggregate 8/16, fine aggregate 4/8; in accordance with PN-EN 12620 :2013[3], sand fraction 0÷4mm, 
mineral dust, cement CEM I 42,5R, polymer fibres, water, superplasticizer. 
 
All ingredients were weighed to an accuracy of 0.01g. The superplasticizer was added to the wet concrete 
mixture. The mineral dust fraction was below 0.063mm. A study diffractogram dust mineral based on the index 
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RIR give: Dolomite - 80%, Calcite) - 16%, Quartz - 4%. For readability purposes, the concrete mixtures will be 
denoted in the following manner: 
x ordinary concrete: SW, 
x concrete with the mineral dust admixture: dust, 
x concrete with the mineral dust admixture and polymer fibres: dust, fibres. 
 
For compressive strength test, the cubic specimens of 10 cm side were fabricated. After moulding, the 
specimens were cured in water at constant temperatures of +18 °C and +5 °C for 28 days. The strength was 
checked after 7, 14 and 28 days curing. The average value from three specimens was taken as the measurement 
result. The flexural strength was determined on specimens with dimensions 4x4x16cm. Between the support axes 
of the specimens subjected to a concentrated force there was a 10 cm span. The specimens rested on roller 
supports. A load of 0.5 kN was applied initially to see whether the rollers adhere to the surface of the beam along 
its entire length. Then a continuous load was applied at a rate of 0.1 MPa/s.  
 
Absorption test was performed on the specimens which after moulding were cured in water at temperatures +18 
°C and +5 °C for 7 days and then in air at the same temperatures for another 21 days.  After that, the specimens 
were placed in the environmental chamber where they were dried to a constant mass at a temperature of 105°C. 
The specimens were allowed to cool and then weighed and placed on plastic pads in a container with water. The 
water reached half their height for the first 24 hours, then the specimens were stored in water reaching +1 cm 
above their upper surfaces. The water was replenished successively. The absorption test involved the measurement 
of mass changes to an accuracy of 0.01g. The measurement was continued until two identical results were 
obtained. The specimens were weighed every 24 hours. Three specimens were prepared for every series studied 
[4]. 
 
The capillary action test was performed on the specimens which after placing in the moulds were allowed to 
cure at temperatures +18°C and +5°C for 7 days and for another 21 days in air at temperatures +18°C and +5°C. 
After that, the specimens were placed in the environmental chamber, where they were dried to a constant mass. 
The temperature in the chamber was raised successively up to +105°C. To prevent external moisture and 
evaporation of the capillary water, the sides of the specimens were sealed. As many researchers have [1], [5] 
indicated the relationship between the manner in which the specimens are insulated and the intensity of the 
capillary process, all specimens were insulated in the same manner with a polyethylene film. The specimens were 
placed in a water bath on plastic pads and remained immersed to the height of 1 ± 3 mm. The water was 
replenished successively. The test involved the measurement of changes in the mass of the specimens to an 
accuracy of 0.01g. The measurements were made at 12 min, 30 min, 4 h, 24h, etc. after immersion in the water 
until two identical results were obtained.  
3. Analysis of the results 
 The laboratory tests were performed on the specimens made from ordinary concrete and the concrete with 
admixtures, in compliance with the PN-EN 206:2014 [2]. 
 
The analysis of the results indicates that during the capillary action test, the gain in the mass of concrete 
specimens with the mineral dust admixture and polymer fibres is 40% lower than that of the ordinary concrete. The 
specimens fabricated from the ordinary concrete absorb much more water. A slightly greater mass gain was noted 
for the specimens cured at lower temperature when compared to those cured at  +18 °C. 
 
The absorption test results indicate that the concrete with admixtures shows lower absorption values. This is 
associated with a densification of the cement paste. For the specimens with admixtures, allowed to cure at a 
temperature of +18°C, the drop in the mass gain was 37.5% relative to the admixture-free ordinary concrete. 
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a.                                                                                  b. 
  
Fig. 1. Mass gain during the capillary action test of the specimens cured at a). +5°C, b).+18°C. 
 
a.                                                                                   b. 
  
Fig. 2. Mass gain during the absorption test of the specimens cured at a). +5°C, b).+18°C. 
 
    a.                                                                                      b. 
  
Fig. 3. Flexural strength gain of the specimens cured at a). +18°C, b). +5°C. 
508   Anna Kotwa /  Procedia Engineering  108 ( 2015 )  504 – 509 
   a.                                                                                      b. 
  
Fig. 4. Compressive strength gain of the specimens cured at a). +18°C, b). +5°C. 
Figure 4 illustrates the experimental results. The greatest compressive strength gain, 10.4% relative to the 
ordinary concrete, was noted for the concrete with the mineral dust and that with the mineral dust and polymer 
fibres. The compressive strength value is primarily dependent on the amount of the mineral dust admixture added 
to the concrete. During compression testing, a different failure mode was observed in the concrete made without 
polymer fibres. The specimens failed rapidly and explosively. Despite high compression strength, the explosion 
did not accompany the failure of the concrete with polymer fibres. The specimens did not split rapidly. 
A positive influence of polymer fibres was observed while studying the flexural strength. Compared with the 
ordinary concrete, the flexural strength gain noted for the specimens made with polymer fibres was 25.6% at a 
temperature of +18°C and 33.3% at a temperature of +5°C.  
4. Summary 
The concrete specimens used for testing were made with mineral dust – a waste product from the extraction and 
processing of aggregates. The ultimate testing objective was to determine the influence of mineral admixture on 
the properties of the concrete. The waste mineral dust is a very fine material with the fineness value similar to that 
of cement. Owing to these characteristics, it can have a positive influence on the properties of the concrete mixture 
and the concrete.  
  
The study of the hardened concrete was the most important part of the research, as it helped objectively analyse 
the grounds for the use of waste mineral dusts in the concrete. The laboratory tests aimed at determining the effect 
of the dusts on the compressive and flexural strengths of concrete, along with the capillary absorption. The test 
results indicate that the mineral dust added in the amount of 10% by mass of aggregate and polymer fibres 
increased the compressive strength gain by 10.4% relative to the concrete with no dust added. Another advantage 
of this admixture is its influence on the flexural strength increase.  The analysis of the results indicates that the gain 
in the flexural strength of the concrete containing the mineral dust and the concrete containing both the mineral 
dust and polymer fibres increased by 25.6% for the concrete cured at +18°C and by 33.3% for the concrete cured at 
+5°C.  Compared to the concrete with no admixtures, the mass gain of the concrete with the mineral dust and 
polymer fibres decreased by 37.5% in the absorption test and 40% in the capillary action test.   
 
Financial and environmental aspects of the proposed solution cannot be unacknowledged. The disposal and 
management of the dusts are currently a serious challenge for quarry owners. 
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The results of the study evaluating the mineral dust for use in concrete instil optimism. The laboratory tests 
suggest that the mineral dust could prove as an admixture for the parts of aggregate. However, to prove the 
suitability of the material for the concrete technology, it is necessary to adopt an individual approach that would 
take into account the aspect of the repeatability of the mineral dust properties. 
 
The waste management act of 14 December 2012 (Dz.U. 2013, item 21) [7] opens up new perspectives by 
providing the possibility of reclassifying the waste as a marketable product.  
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